IMPORTANCE Uptake of cataract surgery in developing countries is much lower than that in developed countries. Cataract unawareness and financial barriers have been cited as the main causes. Under the Universal Coverage Scheme (UCS), Thailand introduced a central reimbursement (CR) system for cataract surgery. It is unknown if this financial arrangement could incentivize service provision (private or public) in areas that are hard to reach.
C ataract is a high-burden disease in developing countries and is responsible for almost half of all cases of blindness. 1, 2 In Thailand, the National Survey of Blindness, Low Vision and Visual Impairment from 2006 to2007 and the Rapid Assessment of Avoidable Blindness Survey from 2012 to 2013 reported that 0.6% of adults 50 years or older were blind. 3, 4 In both surveys, the leading cause of blindness was untreated cataract, estimated at 51.6% and 69.7%, respectively. In 1999, the World Health Organization 5 launched VISION 2020, a global initiative for eliminating avoidable blindness by the year 2020. In developed countries, the cataract surgery rate (CSR) was beyond the 3000 per million minimum set by the World Health Organization for blindness elimination. 6 The CSR per 1000 population increased from 4.47 in 1992 to 7.26 in 2000 in Sweden. 7 In England, the CSR per 100 000 population rose from 62 cases in 1968 to 637 cases in 2004, with wide geographic variation. 8 In the United States (Wisconsin), the age-and sex-adjusted incidence of lens extraction in 2008 to 2010 was 11.7% and was much higher in persons with less visual impairment. 9 The rising CSR in recent decades has been attributed to a reduced visual impairment threshold and improved techniques for cataract surgery unrelated to demographic transition. 10 Despite being a proven cost-effective intervention, 11,12 cataract surgery in developing countries has faced backlogs, with major causes being lack of cataract awareness and financial barriers.
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Thailand implemented universal health coverage in 2002, when uninsured and medically indigent people became eligible for the Universal Coverage Scheme (UCS). Each year, the UCS budget is allocated through networks of predominantly public hospitals, known as contracting units for primary care (CUPs). At district levels, more than 1000 CUPs receive a prospective per capita budget for ambulatory visits. Hospitalization is paid under global budgeting by diagnosis-related groups across 13 administrative regions. With the prepaid arrangement, each CUP takes full responsibility for costs of services rendered to its population inside or outside of the catchment areas.
The National Health Security Office (NHSO), the UCS administrative body, has introduced a retrospective payment (a central reimbursement [CR] ) for selective medical and surgical procedures. The CR policy would draw financial risks from individual CUPs into an adequately large national pool. Through a reasonable cost recovery rate, financial constraints to health facilities could be mitigated and hence stimulate scaling up of priority services that had low uptake.
Committing to the global movement, The Royal College of Ophthalmologists of Thailand campaigned for the first time on cataract awareness, which resulted in a surge during 2004 to 2006 of 60 000 to 80 000 cataract surgical procedures. 16 In 2006, the NHSO introduced the CR system for cataract surgery by paying an exclusive lump sum for mobile services on case finding and treatment in remote areas. The usual hospitalized surgery was paid by regular diagnosis related groups. In district areas where ophthalmologists were in shortage, hospitals were able to outsource the treatment to mobile services from the private sector or collaborate with tertiary care facilities. Foreseeing trouble from system fragmentation, the NHSO in 2011 substituted the dual-payment methods with fixed fee schedules for both surgical procedures and intraocular lens insertion and extraction. 17 A subsequent policy adjustment was implemented in 2013, when cross-region mobile services were discouraged. During 9 years (2007 During 9 years ( -2015 of the CR implementation, spending on cataract surgery accrued to US $354 million. Cataract surgery alone accounts for 2.8% of payments for all hospitalizations and 0.7% of the UCS budget. 18 With 2 years left in the global eye health agenda, it is timely to examine if the CR policy can help Thailand achieve universal access to the cost-effective intervention of cataract surgery.
Methods

Data Sources
The 
Measurement
Access to cataract surgery was measured in terms of service volume and population coverage or the CSR. For a given year, hospitalizations for cataract surgery were disaggregated by private and public sectors. The CSR was calculated as a ratio between the number of cases and the UCS population 40 years or older who resided in the same districts.
Key Points
Question What are the trends and variations in cataract surgery access associated with a central reimbursement policy in Thailand?
Findings In this time series analysis, after implementing a central reimbursement policy, the national cataract surgery rate increased substantially to 765.3 cases per 100 000 population in 2015. The subnational cataract surgery rate gap widened because of rapid uptake in areas with high rates of cataract surgery initially and decreased as overall coverage became adequately large.
Meaning A central reimbursement policy that mitigated financial constraints of individual health care professionals in a developing country reduced backlogs for cataract surgery and was associated with improved access.
In addition, the CSR was examined for subnational variations. Two subnational areas were chosen because they were associated with the UCS financial arrangement. The first was a cluster of 4 to 8 provinces forming 13 administrative regions of the NHSO. The regions where the mobile services had operated were analyzed for the subnational trend and compared with the whole country. The second was the functional district area where each CUP was located. Distribution of the CSR across the 13 regions and more than 1000 districts was determined using an inequality measure and quintile ranking, respectively.
The absolute inequality in the CSR, representing a gap between the regional extremes, was calculated as the slope index of inequality (SII). 19 The SII captured the CSR gradient on descending ranks across all regions. For the quintile ranking, the district-level CSR at baseline (2005) was ranked and formed 5 equally sized groups. The first quintile (Q1) represented the 20% of districts with the lowest CSR, whereas the fifth quintile (Q5) represented the 20% of districts with the highest CSR. The median and interquartile range (IQR) of Q1 and Q5 were tracked until 2015.
Statistical Analysis
To assess time trends in overall access, data on the CSR at the national level and the regions where the mobile services had operated were submitted to an interrupted time series analysis. 20 The CSR was regressed on yearly time points, which were separated into segments to differentiate annual changes before and after the CR implementation. The Durbin-Watson (DW) statistic was calculated for a serial correlation that followed the first-order autoregressive process. 21 If the DW test result was statistically significant or inconclusive, a generalized least square that accounted for the serial correlation was applied using Prais-Winsten transformation. 22 Two-sided P < .05 was considered statistically significant.
Results
In total, 0.98 million people who were UCS members received cataract surgery over 11 years (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) of the study 
Service Volume
The number of facilities that performed cataract surgery for UCS members was stable at 229 to 232 hospitals during The serial correlation of the data between adjacent years was examined. For 11 time points with 3 variables, representing 1 prepolicy period and 2 postpolicy periods to be estimated, the lower and upper bounds for the 5% significance level of the DW statistic were 0.595 and 1.928, respectively. The DW statistic for the data from regions with mobile services was 1.694, which suggested an inconclusive serial correlation; in contrast, the DW on the national time series of 
Public hospitals
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A Centrally Reimbursed Fee Schedule Policy and Access to Cataract Surgery in Thailand 0.419 was statistically significant (P < .05). Therefore, the Prais-Winsten method that assumed the first-order autoregressive process was applied to both the national and subnational series. The national CSR had a nonsignificant, increasing trend that preexisted during 2005 to 2008, around the time of CR introduction ( Table 1) . However, during the early post-CR period in 2009 to 2013, the CSR increased rapidly by 64.9 cases per 100 000 population per year, which was statistically significant (P < .01). In the late post-CR period (2014-2015), the annual growth slowed to 34.8 cases per 100 000 population on average.
By the time of CR introduction, the CSR in the regions where the mobile services were available had already increased by 23.4 cases per 100 000 population per year (P < .10). Five years later (2009) (2010) (2011) (2012) (2013) , although the annual rate was comparable with that of the national level on average, an acceleration in the mobile service regions provided a head start. The increase in the CSR during the last 2 years (2014-2015) was slower than that in the national series by half.
Subnational Variations
When the national CSR increased during the early period of CR, unequal distribution in the CSR across subnational areas was noted. The CSR gap between the regional extremes as measured by the SII was 314.6 to 337.6 cases per 100 000 population during 2005 to 2008, then widened (SII, 464.7 cases per 100 000 population) in 2009, and remained large (SII, 755.4-800.4 cases per 100 000 population) during 2010 to 2012 (eTable in the Supplement). The absolute inequality across 13 regions decreased to 681.0 cases per 100 000 population in 2013 and reached a minimum of 502.9 cases per 100 000 population in the last year (2015) .
When the inequality in the CSR reached a peak in 2010, three administrative regions (3, 4, and 5, located in the central part of Thailand) were notable for high coverage (750-1100 cases per 100 000 population) (eFigure in the Supplement, middle panel), whereas the rest remained low similar to the 2005 baseline (eFigure in the Supplement, top panel). A substantial increase in the top 3 regional CSRs steepened the slope, widening the gap. In 2015, when regions (especially those having low CSR levels) surpassed the top of the baseline (500 cases per 100 000 population), the CSR gradient became flatter (eFigure in the Supplement, bottom panel). This helped reduce the inequality across regions.
For variations in the CSR across district areas, data from 921 districts where UCS members obtained cataract surgery in 2005 were divided into quintiles. The median CSR at baseline was 568.0 cases per 100 000 population in the top quintile (Q5), which was 4 times higher than the 128.1 cases per 100 000 population in the bottom quintile (Q1). Table 2 summarizes the baseline characteristics of the UCS population and the patients in the cataract surgery cases who were 40 years or older in each CSR quintile. Although the female majority (52.6%-53.6%) was distributed similarly across subgroups, the population at the high end (Q5) had a larger share of elderly individuals than that at the low end (Q1) (32.7% vs 30.7%). For the cataract surgery cases, Q5 had a female majority (61.5% vs 55.7%) and more elderly individuals (84.3% vs 80.0%) than Q1.
The baseline CSR in Q1 was lower than that in Q5 not only by the median but also by within-group variation (IQR, 90-160 vs 503-660 cases per 100 000 population) (Figure 3) . During 2009 to 2013, when the overall CSR rose rapidly, growth in the CSR in Q5 was faster than that in Q1. As a consequence, the Q5 to Q1 gap by the median and by either the lower or upper bounds of the IQR increased during this 5-year period. In addition, the IQR within each quintile increased in tandem with an increase in the median CSR. Notably, the IQR within Q5 was much larger than that in Q1. The median CSR for Q1 continued to grow until reaching a peak in 2015. Over the same period, growth in the median CSR for Q5 ceased, and consequently the Q5 to Q1 gap decreased. 100 000 population, which was comparable with that in developed countries. 7, 8, 23, 24 This finding is evidence that Thailand is advancing its course toward meeting the VISION 2020 goal. The post-CR growth was faster than that in Latin America, a region where the ophthalmologist to population ratio (6.2 cases per 100 000 population) is much higher than that in Thailand. 14, 25 The design of the CR mitigated financial constraints on the supply side, which effectively complemented the social protection role of the UCS on the demand side. However, the association lagged 2 to 4 years after the policy introduction, which reflected time-consuming responses by health care professionals. Rapid uptake occurred in the private sector in 2009, when a few facilities were adept in engaging service outreach paid by an exclusive CR. Three private hospitals were able to acquire 79% of cases in the private sector in 2009 within the first-year growth. The use of mobile services is a diversion from the UCS service arrangement that relied mostly on public hospitals. As a result, during 2009 to 2011, the CSR was higher and grew faster in the mobile service regions than the national average. When both mobile and hospitalized services were paid by the fee schedule in 2011, the private sector had fully engaged, and the public sector began to take off. The CSR in the regions where the mobile services used to operate continued with steady growth until 2013, when the NHSO no longer advocated mobile services. During 2014-2015, growth in the national CSR slowed down, largely because of decreasing private sector services. In Ontario, Canada, the mean number of cataract operations performed by recently graduating ophthalmologists dropped significantly after a policy of zero growth was mandated. 26 Rapid uptake by the private sector has raised concern whether cataract surgery performance has missed the target for eliminating avoidable blindness by the year 2020. To mitigate the performance of surgery too early, the NHSO has mandated that for health care professionals since 2014 at least 30% of the reimbursed surgical procedures must be performed in patients with blinding cataract. This requirement was well complied with; evidence showed that almost all cases were recorded for visual impairment using explicit ICD-10 codes. In 2014 and 2015, blindness (ICD-10 codes H54.0 and H54.4) accounted for 28.8% and 37.2% of cases, respectively, with the blinding fraction being a little lower in the private sector compared with the public sector.
Another concern is whether improved access to cataract surgery would result in increased inequality in the CSR. The 2010 to 2012 peak of the inequality gap in the CSR across regions was largely driven by a notably high CSR in the top 3 administrative regions. The increasing gap seemed to be temporary, most likely because of the predominant role of mobile services in limited areas. Increased inequality in tandem with a rise in overall access has been observed in other essential services in developing countries such that well-off subgroups tended to be the first group to reap benefits from Research Original Investigation A Centrally Reimbursed Fee Schedule Policy and Access to Cataract Surgery in Thailand the progress. The gap between rich and poor individuals in skilled birth attendance was widening when a country's average coverage progressed from a low rank toward the middle rank. 27 Once a country reached high coverage, the top and bottom quintiles converged, and the gap narrowed. In 2015, the CSR gap in the UCS was much lower than gaps in outpatient and inpatient services (SII, 2.20% and 4.06%, respectively). 28 
Limitations
This study has some limitations. First, the study population was limited to UCS members. The rest of the Thai population was covered by other insurance, one for public employees and their dependents and another for employees in formal private sectors. The UCS population, mostly comprising a lower socioeconomic status, tended to have less access to high-cost health technology than members of the other 2 insurance programs. 29, 30 Therefore, the CSR in this study could be considered as the lower bound. Second, without control groups, this study did not demonstrate causality in the CR effect. However, the study estimated annual changes in the CSR before and after the CR implementation. By comparing across subnational areas, differential CSR trends were linked to service arrangements associated with policy interventions. Third, physical and financial barriers, knowledge, and attitude on the demand side were not examined in the present study. However, the demographics of both service recipients and the target population were compared across districts with respect to the CSR quintiles.
Conclusions
Two primary conclusions can be drawn from this study. First, financial constraints of individual health care professionals could be mitigated by an adequate funding pool with appropriate payment rates. Second, engagement with private health care professionals regarding service arrangements could help accelerate access to cataract surgery, especially in settings where health services were dominated by the public sector, making it cumbersome to reach out to areas that are difficult to access. Surveys by the NHSO 31 found that the waiting time for cataract surgery was reduced by half in private hospitals. In rural India, mobile surgical units were a viable alternative associated with improved outcomes and modest complications. 32 Once the backlog is cleared, cataract surgery should be performed within established infrastructures. Finally, a country's population-based data are the key to success in the monitoring and evaluation of health priority policies. 33 estimating inequality gap is a distance between the regional extremes.
Abbreviation: CSR, cataract surgery rate. Relative rank from high to low coverage per region
